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Uterine Artery Doppler Velocimetry During
First Trimester of Pregnancy to Predict

Decreased Endovascular Trophoblast Invasion
Associated with Adverse Pregnancy Outcomes

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee::  Suc cess ful pla cen ta ti on re li es on nor mal trop hob las tic in va si on of the ma ter -
nal de ci du a, myo met ri um and blo od ves sels. Ute ri ne per fu si on ap pe ars to re gu la te ute ri ne re cep ti vity.
This ar tic le in ves ti ga tes the re la ti ons hip bet we en Dopp ler stu di es of ute ri ne ar tery and en do vas cu lar
trop hob las tic in va si on in the first tri mes ter of preg nancy. MMaatteerriiaall  aanndd  MMeett  hhooddss::  Dopp ler ul tra so und
exa mi na ti on of the ma ter nal ute ri ne ar te ri es was per for med in wo men at ten ding for ter mi na ti on of
preg nancy for non-me di cal re a sons. We re cor ded the Dopp ler flow ve lo city wa ve forms using a Shi mad -
zu 2000 ul tra so und mac hi ne with a 3,5 or 5 MHz pro be.Co lo ur Dopp ler ul tra so und was used to iden-
tify the ma in branch of the ute ri ne ar tery at its junc ti on with the in ter nal ili ac ar tery, from whe re we
ob ta i ned blo od flow ve lo city wa ve forms. High-re sis tan ce ca ses we re de fi ned as tho se pre sen ting with
bi la te ral or uni la te ral ute ri ne ar tery notc hes and a me an RI abo ve the 95th cen ti le. The con cep ti o nal pro -
ducts we re exa mi ned his to lo gi cally with re gard to the ex tend of de ci du al en do vas cu lar trop hob last in-
va si on. RRee  ssuullttss::  At the we ek 8, the re we re 19 high-re sis tan ce and 17 low-re sis ten ce ute ri ne ar tery blo od
flow. The pro por ti on of de ci du al ves sels with en do vas cu lar trop hob last in va si on was sig ni fi cantly hig -
her in the low-re sis tan ce preg nan ci es (65%) com pa red with high-re sis tan ce ones (47%; p= 0.18). CCoonn--
cc  lluu  ssii  oonn::  In ters ti ti al in va si on, de e per de ci du al-myo met ri al junc ti on in va si on and the re le a se of va so ac ti ve
me di a tors may exp la in chan ges in ar te ri al re sis tan ce and be re la ted to de ci du al en do vas cu lar trop hob -
las tic in va si on. Dopp ler ul tra so nog raphy is a non-in va si ve met hod for eva lu a ting trop hob las tic in va si -
on in early preg nancy. Furt her stu di es are ne ces sary to cla rify the sig ni fi can ce of the se ob ser va ti ons. 

KKeeyy  WWoorrddss::  Ul tra so nog raphy, Dopp ler, trop hob lasts, de ci du a

ÖÖZZEETT  AAmmaaçç::  Ba şa rı lı pla sen tas yon, ma ter nal de si du a, myo met ri um ve kan da mar la rı na tro fob las tik
ya yı lı mın nor mal ol ma sı nı ge rek tir mek te dir. Ute rus ta mev cut kan akı mı ute ru sun re sep ti vi te si ni et ki -
le mek te dir. Bu ça lış ma da, ge be li ğin ilk tri mes te rin de ute rin ar ter dopp ler kan akı mıy la tro fob las tik in -
vaz yon ara sın da ki iliş ki in ce len miş tir. GGeerreeçç  vvee  YYöönntteemmlleerr::  Tıb bi ol ma yan ne den ler le ge be lik
ter mi nas yo nu is te yen ka dın lar da ute rin ar ter Dopp ler kan akım ça lış ma la rı uy gu lan dı. 3.5-5 MHz pro -
bu olan Shi mad zu 2000 mar ka ul tra so nog ra fi ale ti ile Dopp ler akım hı zı dal ga form la rı kay de dil di. Kan
akım hı zı dal ga form la rı nı ölç tü ğü müz in ter nal ili ak ar ter den ute rin ar te rin çı kış nok ta sı nı tes pit için
renk li dopp ler ul tra so nog ra fi uy gu lan dı. Tek ve ya iki ta raf lı ute rin ar ter de “notch” olan lar ve or ta la ma
re zis tans in dek si 95. per sen ti lin üze rin de olan lar yük sek di renç li olgu lar ola rak ta nım lan dı. Mü da ha le
son ra sı el de edi len ge be lik ürün le ri, his to lo jik ola rak de si du al tro fob las tik ya yı lım de rin li ği açı sın dan
in ce len di. BBuullgguullaarr::  Ge be li ğin son lan dı rıl ma sı ama cıy la 8. ge be lik haf ta sın da baş vu ran ka dın la rın ute -
rin ar ter dopp ler in ce le me sin de 19’unda yük sek di renç li akım iz le nir ken 17’sin de dü şük di renç li akım
pa ter ni iz len miş tir. En do vas kü ler tro fob las tik in vaz yon ora nı, akım di ren ci dü şük olan lar da be lir gin ola -
rak yük sek ken (%65), di ren cin yük sek ol du ğu ki şi ler de dü şük ol du ğu bu lun muş tur (%47, p= 0.18).
SSoonnuuçç::  Ar teri yel di renç te ki de ği şim le ri, in ters tis yel ya yı lım, de rin de si du al-miyo met riy al bi leş ke ya -
yı lı mı ve vazo ak tif me di a tör le rin sa lı nı mıy la açık la na bil mek te dir ve bu du rum de si du al en do vas kü ler
tro fob last in vaz yo nuy la iliş ki li bu lun mak ta dır. Er ken ge be lik dö ne min de tro fob las tik in vaz yo nun de -
ğer len di ril me sin de ul tra so nog ra fik Dopp ler in ce le me si in va ziv ol ma yan bir yön tem ola rak ka bul edil -
mek te dir. Bu göz lem le rin öne mi nin ke sin leş me si için da ha ile ri ça lış ma la ra ge rek du yul mak ta dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Ul tra so nog ra fi, Dopp ler, tro fob last, de si du a
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uc cess ful pla cen ta ti on re li es on nor mal trop -
hob las tic in va si on of ma ter nal de ci du a, myo -
met ri um and blo od ves sels. Pre ec lamp si a and

fe tal growth res tric ti on ha ve be en re li ably as so ci a -
ted with fa i lu res in the trop hob las tic in va si on of
spi ral ar te ri es and Dopp ler stu di es ha ve shown that
im pe dan ce of flow in the ute ri ne ar te ri es is in cre -
a sed un der the se con di ti ons.1,2 A few pre vi o us stu -
di es ha ve in ves ti ga ted the re la ti ons hip bet we en
ute ri ne ar tery Dopp ler in di ces and his to lo gi cal fe -
a tu res of pla cen ta ti on in nor mal and pre ec lamp tic
preg nan ci es.3

The re are only a few first tri mes ter scre e ning
stu di es and most of the se ha ve shown that, even in
this early sta ge, im pe dan ce to flow in the ute ri ne
ar te ri es is in cre a sed in preg nan ci es that de ve lop ad-
ver se out co mes.4 Trop hob las tic in va si on of de ci du -
al ma ter nal ves sels can be ob ser ved as en do vas cu lar
trop hob last on his to lo gi cal exa mi na ti on of the pro -
ducts of con cep ti on ob ta i ned from early preg nancy
los ses or ter mi na ti on.5,6

In this pros pec ti ve study, we eva lu a ted the re-
sis tan ce in the ute ri ne ar te ri es of wo men in the first
tri mes ter of preg nancy by Dopp ler as sess ment of
ute ri ne ar tery re sis tan ce and en do vas cu lar trop -
hob las tic in va si on.

MATERIAL AND MET HODS
For this pros pec ti ve study, 36 sub jects we re en rol -
led in the Ga zi os man pa sa Uni ver sity Fa culty of
Medicine De part ment of Obs tet rics and Gyne co -
logy. All pa ti ents had ex pe ri en ced re gu lar mens -
tru al cycles and had pre ci sely re cor ded the da tes of
the ir last mens tru el pe ri ods. We ob ta i ned in for med
writ ten con sent from each wo men.

Dopp ler ul tra so und exa mi na ti on of the ma ter -
nal ute ri ne ar te ri es was per for med in wo men at ten -
ding for ter mi na ti on of preg nancy. Blo od flow
eva lu a ti ons we re per for med in the mor ning to avo -
id fluc tu a ti on du e to cir ca di en rhythm of ute ri ne
ar tery blo od flow.7 We re cor ded the Dopp ler flow
ve lo city wa ve forms using a Shi mad zu 2000 ul tra so -
und mac hi ne with a 3,5 or 5 MHz pro be. Co lo ur
Dopp ler ul tra so und was used to iden tify the ma in
branch of the ute ri ne ar tery at its junc ti on with the
in ter nal ili ac ar tery, from whe re we ob ta i ned blo od

flow ve lo city wa ve forms. Wa ve forms we re re cor -
ded from both ute ri ne ar te ri es. The qu a lity of the
flow ve lo city was ma xi mi zed by using the smal lest
pos sib le ang le of in so na ti on, and ac cep ting only
tho se wa ve forms with sharp and de fi ni te out li nes.
Af ter a con se cu ti ve se ri es of four or mo re uni form
wa ve forms had be en ob ta i ned the analy sis we re
per for med by the me an va lu e from both ute ri ne ar-
te ri es. The pre sen ce or ab sen ce of di as to lic notch in
each ute ri ne wa ve form was al so me a su red.8 High-
re sis tan ce ca ses we re de fi ned as tho se pre sen ting
with bi la te ral or uni la te ral ute ri ne ar tery notc hes
and a me an RI abo ve the 95th cen ti le. Cen ti les cal-
cu la ted by Hol lis et al we re emp lo yed.9

The con cep ti o nal pro ducts we re ob ta i ned at the
ti me of ter mi na ti on of preg nancy and fi xed in for ma-
lin. His to lo gi cal sec ti ons we re re vi e wed by a pat ho -
lo gist blin ded to the cli ni cal de ta ils. The imp lan ta ti on
si te was iden ti fi ed by the pre sen ce of in ters ti ti al ex-
tra vil lus trop hob last sur ro un ding de ci du al ves sels.
The pre sen ce or ab sen ce of en do vas cu lar trop hob last
in va si on we re de ter mi ned by exa mi ning de ci du al
ves sels in imp lan ta ti on si te (Fi gu re 1).6

The me an re sis tan ce in dex was cal cu la ted as
the me an va lu e from both left and right ute ri ne ar-
te ri es. De mog rap hic cha rac te ris tics and his to lo gi -
cal fin dings bet we en gro ups we re com pa red by
Mann-Whit ney and Stu dent’s t-tests.

RE SULTS

A to tal of 36 un se lec ted preg nant wo men we re en-
rol led in this study. Nineteen of them we re with

FIGURE 1: Normal formation of  decidua and chorion villus (HE, ×20).
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high-re sis tan ce ute ri ne ar tery flow and 17 with low-
re sis tan ce flow. Me di an age at ter mi na ti on of preg-
nancy was 29 ye ars (ran ge 19-41), gra vi dity 3 (ran ge
1-7), pa rity 1 (0-3) and ges ta ti o nal age at ul tra so und
scan 8 we eks (ran ge 6-10). The me di an in ter val be-
t we en the ul tra so und scan and pro ce du re was two
days (ran ge 1-4). The re was no sig ni fi cant dif fe ren -
ce in the se pa ra me ters bet we en the gro ups (Tab le 1).

His to lo gi cal fe a tu res of the trop hob las tic in va si -
on are de ter mi ned in Tab le 2. Whi le preg nan ci es with
a high-re sis tan ce ute ri ne ar tery flow we re as so ci a ted
with lo wer pro por ti on of imp lan ta ti on si te, low-re -
sis tan ce ute ri ne ar tery flow pre dic ted hig her pro por -
ti on of imp lan ta ti on (Figure 2). Alt ho ugh the re sults
we re not sta tis ti cally sig ni fi cant furt her study will
elu ci da te the sig ni fi can ce of the se ob ser va ti ons.

DIS CUS SI ON

In this pros pec ti ve study we sug ges ted that as sess -
ment of the ute ri ne ar tery re sis tan ce va lu es wo uld
be use ful test for de ter mi ning trop hob las tic in va si -
on of the de ci du al ves sels which sta tes fe tal well
be ing.

Dif fe rent stu di es ha ve sta ted that in cre a sed im-
pe dan ce to flow in the ute ri ne ar te ri es is as so ci a ted
with in cre a sed risk for sub se qu ent de ve lop ment of
pre ec lamp si a, in tra u te ri ne growth res tric ti on and
pe ri na tal de ath.10 The se fin dings ha ve be en con fir -
med by mo re re cent stu di es. Pre fu mo et al. sup por -

ted the use of ute ri ne ar tery Dopp ler for the  non-
in va si ve as sess ment of trop hob last in va si on in early
preg nancy.11 Me a su re ments of the ve lo city of blo od
fol lo wing thro ugh the ute ri ne ar te ri es ha ve be en
used to es ti ma te ute rop la cen tal blo od flow. The de-
fect of pla cen ta ti on is con si de red to be the ma jor
eti o lo gi cal fac tor in the de ve lop ment of pre ec lamp -
si a and in tra u te ri ne growth res tric ti on.12

In the pre sent study we exa mi ned the trop -
hob las tic in va si on by de ter mi ning de ci du al en do -
vas cu lar trop hob last in va si on in spe ci mens of
cu ret ta ge ma te ri als of preg nancy. We iden ti fi ed the
imp lan ta ti on si te in all of ca ses whi le Pre fu mo et
al. re por ted 80% iden ti fi ca ti on ra ti o by per for ming
the sa me met hod.11 Trop hob las tic in va si on was ob-
ser ved in 55% of ca ses. Pre vi o us stu di es ha ve re-
por ted si mi lar re sults in nor mal preg nan ci es
un der go ing elec ti ve ter mi na ti on.

Ba sed on the stu di es from the as sis ted rep ro -
duc ti ve me di ci ne prog ram me, ute ri ne ar tery in di ces
are go od in di ca tors  of the pro ba bi lity of sub se qu ent
preg nancy.13 Ho we ver be ca u se of the dis cre pan ci es
bet we en the ti me of ovu la ti on in duc ti on and pul -
sed Dopp ler ul tra so nog raphy, ute ri ne ar te ri al blo -

FIGURE 2A, B: Decidual implantation sites of syncytiotrophoblasts (HE, ×40).

High-resistance Low-resistance
(n= 19) (n= 17)

Maternal age 28.2 (19-34) 30.6 (20-41)

Gravidity 3 (1-4) 2 (1-3)

Parity 1 (1-2) 1 (0-3)

Gestational age 7.2 (6-9) 9.1 (7-10)

TABLE 1: Demographic characteristics of pregnants.

High-resistance Low-resistance p

(n= 19) (n=17)

Endovascular trophoblast invasion (+) 9/19 (47%) 11/17 (65%) 0.18

Endovascular trophoblast invasion (-) 10/19 (53%) 6/17 (35%) 0.49

TABLE 2: Histological findings of conceptional 
products with high and low resistance uterine artery

blood flow.
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od re sis tan ce has not pro ved as a prog nos tic in di ca -
tor for imp lan ta ti on.Alt ho ugh not sta tis ti cally sig ni -
fi cant the hig her per cen ta ge of in va ded ves sels
(65%) in the low-re sis tan ce ca ses as op po sed to the
high-re sis tan ce ones (47%; p= 0,18) pro vi des cor re -
la ti on bet we en ute ri ne ar tery Dopp ler fin dings and
ex tent of trop hob las tic in va si on.

Dec li ne in en do met ri al re cep ti vity, which is
as so ci a ted with a dec re a se in ute ri ne per fu si on,
may play an im por tant ro le in the dec re a se of im-
p lan ta ti on ra tes with age. Ho we ver we did not find
such ele va ti on of the ute ri ne ar te ri al pul sa ti lity in-
di ces in our sub jects. We de ter mi ne that age ing af-
fects ute ri ne per fu si on less than ot her fac tors.
Di rect chan nels thro ugh the trop hob last plugs de-
ve lop gra du ally bet we en 8 and 12 we eks of ges ta -
ti on, and are un li kely to al low any subs tan ti al
blo od flow be fo re this lat ter da te.14 This de la yed
on set of in ter vil lo us blo od flow pro tects from oxi -
da ti ve da ma ge to the trop hob last.

Du ring Dopp ler flow exa mi na ti ons, inef fi ci ent
pla cen ta ti on in the first and the se cond tri mes ters

of preg nan ci es with in cre a sed re sis tan ce to blo od
flow in ute ri ne ar te ri es, pre dis po ses to comp li ca ti -
ons such as pre ec lamp si a and in tra u te ri ne growth
res tric ti on.15 Early emb ryo nic de ve lop ment oc curs
in a low oxy gen en vi ron ment and it has be en pos-
tu la ted that the yolk sac has an es sen ti al ro le in
trans port of nut ri ti ve subs tan ces to the emb ryo.16

Pla cen ta rep la ces the yolk sac as a ma in so ur ce of
nut ri o ti o nal supply af ter we ek nine of ges ta ti on.17

Dopp ler ve lo ci metry of in trap la cen tal,cho ri o nic
and yolk sac he mody na mics may be new to ols to
de tect pla cen tal dysfunc ti on du ring the on go ing
trop hob last in va si on when the ra pe u tic me a su res
wo uld still be pos sib le. The re fo re, in ters ti ti al in va -
si on, de e per de ci du al-myo met ri al junc ti on in va si -
on and the re le a se of va so ac ti ve me di a tors may
exp la in chan ges in ar te ri al re sis tan ce and be re la ted
to de ci du al en do vas cu lar trop hob las tic in va si on.

In conc lu si on, we pro po se the use of ute ri ne
ar tery Dopp ler in ve si ti ga ti on for the non-in va si ve
as sess ment of trop hob last in va si on in early preg-
nancy. Furt her study will elu ci da te the sig ni fi can -
ce of the se ob ser va ti ons.
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